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ABSTRACT 
The major aim of teaching science at the K-12 level is to develop scientific and critical 
thinking by promoting inquiry skills and fostering a scientific attitude among students. These 
skills may enable students to solve science-related issues in their daily lives (AAAS, 1990; NRC, 
2012). To achieve these objectives, science teachers’ professional development in pedagogy and 
subject matter is indispensable. Particularly, science teachers need to go through professional 
development programs in the domain of formative assessment so that they will be able to help 
students to enhance their understanding by assessing their learning through instruction, helping 
them track their learning through feedback, and providing them with scaffolding to bridge the 
gap between their learning and curriculum standards. This study presents a qualitative meta-
analysis of sixteen research studies regarding formative assessment in different contexts.   
Findings of this study reveal that formative assessment has a positive impact on students’ 
academic performance as well as science teachers’ professional development. Despite this fact, 
formative assessment in science is not popular in the circle of researchers and teachers (Sabel, 
Forbes, & Flynn, 2016). As far as issues are concerned, owing to gaps in science teachers’ pre-
service training and discrepancies between school-based assessment practices and external 
exams, the desired outcomes from formative assessment cannot be achieved (Klieger & Bar-
Yossef, 2010). To get the desired results from formative assessment, science teachers need to 
have mastery in their Pedagogical Content Knowledge (PCK) and subject matter. Additionally, 
formative assessment should be based on close monitoring, feedback, and questioning.  
 This study suggests that to develop teachers’ capacity in formative assessment, sessions 
on formative assessment need to be conducted regularly. To ensure the implementation of 
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formative assessment, the informative sessions should be followed by a series of classroom 
observations and debriefing sessions with science teachers. Besides statewide policy, schools 
should also formulate an assessment policy. For further investigation of formative assessment, 
this study suggests the need to conduct a quasi-experimental study investigating the impact of 
formative assessment. Furthermore, there is also room for conducting a quantitative survey to 
explore the perceptions and beliefs of teachers regarding formative assessment. 
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CHAPTER ONE: 
INTRODUCTION TO RESEARCH 
Background of the Study 
 The major aim of teaching science at the K-12 level is to develop scientific and critical 
thinking, promote inquiry skills, develop reasoning and logic, and foster a scientific attitude 
among students (Duschl, Schweingruber, & Shouse, 2007; NRC, 2007). These skills are critical 
for students so that they may be capable of solving science-related issues in their daily lives by 
drawing connections to science (American Association for Advancement of Science [AAAS], 
1990; National Research Council [NRC], 2012). Students can acquire these skills if teachers 
have the knowledge and skills to facilitate their learning through quality, relevant, and effective 
science instruction (Kulm, 1994; Deniel & Gumer, 2001). 
 According to van Aalderen-Smeets and Walma van der Molen (2015), there is a dearth of 
quality science teachers at the K-12 level in the context of the United States of America (USA). 
This is because high-performing college and university students opt for fields other than teaching 
as a career. Specifically, for better financial output, students from upper-class families with 
outstanding academic records from premier institutes prefer to pursue business, law, and 
medicine (Anyon, 1981; Monteiro, 2014).  Consequently, science is taught mostly by teachers 
who lack mastery in the subject matter and are equipped with ineffective, teacher-focused, 
transmission-based, and traditional instructional strategies that have minimal impact on Student 
Learning Outcomes (Avalos, 2011; Hayes, 1987; Kazempour & Amirshokoohi, 2014).  
 As a dependable solution for the improvement of quality teaching in science education, 
science teachers participate in different professional development (PD) programs to equip them 
with quality instructional strategies for improving their students’ learning (Avalos, 2011; Cobern 
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& Loving, 2002). These sessions are designed to help science teachers develop knowledge and 
skills needed to conduct inquiry projects, develop scientific thinking, and promote students’ 
conceptual understanding of scientific concepts (Caulfield-Sloan & Ruzicka, 2015; NRC, 2000). 
Supovitz and Turner (2000) further endorse the idea that “the implicit logic of focusing on 
professional development as a means of improving students' achievement is that high-quality 
professional development practices will produce superior teaching in classrooms which will lead 
to the higher level of students' achievement” (p. 965). 
As a result of worldwide reforms over the last decade in science education, science 
teachers' professional development in the field of K-12 education has gained significant attention 
and has been emphasized by policy makers, educational administrations, and researchers 
(Bolshakova & Waldron, 2014; Lomask, Baron, & Greig, 2003). These reforms urged teachers to 
experience different professional development opportunities for their capacity-building, which 
increased both the teachers’ confidence and the students’ achievements in science. However, the 
impact of these sessions is subject to the quality of the sessions, commitment of the teachers, and 
availability of a conducive environment at schools (Kazempour & Amirshokoohi, 2014; van 
Aalderen-Smeets & Walma van der Molen, 2015).    
Professional Development on Classroom Assessment 
  Most of the PD programs are generic and cover various content- and pedagogy-related 
themes in a limited time. Because they do not focus a particular theme on an intensive basis, 
science teachers can develop neither an in-depth understanding of a specific teaching domain nor 
skills to assess students' learning (Bryce, Wilmes, & Bellino, 2016; Deniel & Gumer, 2001). 
Therefore, National Research Council (NRC) (1996, 2000) & American Association of 
Advancement of Science (AAAS) (2003) urge all stakeholders of science education to develop 
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and improve assessment-based PD sessions. These sessions will provide benefits in multiple 
areas: developing the teachers’ assessment skills to help students learn through formative 
assessment, constructing valid and reliable assessment items, properly documenting students' 
learning, making correct decisions and inferences from assessment information regarding 
students' learning, and providing meaningful feedback to stimulate students' learning 
(Aschbacher, 1994; Bansilal & James, 2016). 
    Formative assessment is part and parcel of the teaching and learning processes since both 
processes are profoundly shaped by the assessment (Black, 2011; Falk, 2011; Furtak & Araceli 
Ruiz-Primo, 2001). Information obtained from classroom assessment informs science teachers on 
the impact of their classroom instruction on student learning. Thus, in response to student 
performance, teachers reflect on their teaching practices and modify them accordingly, 
ultimately having a healthy impact on student learning (Black & Wiliam, 1998; Towndrow, Tan, 
Yung, & Cohen, 2008). Apart from students' academic achievement, formative assessment also 
reflects the effectiveness of instructional practices and a curriculum’s feasibility in a particular 
context. Thus, formative assessment lies at the heart of the learning process (Cowie & Bell, 
1999; Deniel & Gumer, 2001).   
  Formative assessment has a significant role in science education. Through formative 
assessment, science teachers uncover their students' ideas, views, and conceptions regarding 
science. Teachers then use these ideas throughout classroom instruction to motivate students 
toward the rich understanding of scientific ideas. Rather than solely using summative 
assessment, science teachers heavily rely on formative assessment since it helps students in 
learning rather than simply focusing on making decisions about student progress (AAAS, 1999; 
Deniel & Gumer, 2000; Lyon, 2013; NRC, 2007; NSTA, 2016). Hence, it is necessary to build 
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science teachers' capacity in formative assessment to help students track their own learning 
progress, enable them to take charge of their learning, adjust instructional skills in accordance 
with students’ needs, and inform all stakeholders of student academic progress (Araceli Ruiz-
Primo & Furtak, 2006; Falk, 2011; Gibbs & Simpson, 2005). The purpose of this study, 
therefore, is to conduct a meta-analysis of studies related to formative assessment in science.  
Rationale for the Study 
 Reasons for researching the professional development of science teachers in the area of 
formative assessment arise from my experience of working as a science teacher, teacher 
educator, and student of assessment during the Master of Science (M.S.) program. 
 First of all, the logic for conducting this research emanates from my experience of 
teaching science. In Pakistan, I taught middle school science for six years. Besides simply 
teaching, I also had to assess student learning through formative as well as summative 
assessment methods. Through that assessment, I found that students could not meet the standards 
of the science curriculum, with possible causes including my limited expertise in assessment, 
student background, and prevailing assessment trends.  However, one aspect remained a mystery 
for me: in most instances, students whose performance was significantly high during the 
informal assessment could not perform up to a similar mark in summative assessment. This 
discrepancy raised many questions of whether it happened due to exam phobia, a lack of 
formative assessment practices, or issues with feedback. Through this study, I want to unfold 
answers to such emerging questions.  
 Secondly, apart from teaching, the motivation to pursue this research is also rooted in my 
background of being a teacher educator. For four years, I worked with teachers to improve their 
instructional practices by conducting sessions on Pedagogical Content Knowledge (PCK). 
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Though I covered various topics focusing on different teaching methodologies and other aspects 
of PCK, at the end of the fourth year, the program evaluation report revealed little improvement 
in student learning. As a result of participant feedback and self-reflection, I concluded that less 
attention had been paid to improving the teachers' classroom assessment practices. I had exposed 
teachers to new teaching strategies, but they continued to use such traditional assessment 
practices as paper/pencil tests, verbal tests, and multiple-choice tests. I had to re-orient teachers 
to new formative assessment practices in science—e.g., inquiry projects, portfolios, and two-tier 
multiple-choice questions—that can improve Student Learning Outcomes SLOs). This study 
aims to further enrich my understanding of professional development models and the impact of 
teachers’ capacity-building in assessment by improving SLOs.    
Finally, during the M.S. program at the University of Tennessee-Knoxville (UTK), I 
opted for such courses as Mathematics Assessment and Classroom Assessment and Evaluation 
Techniques that provided much literature pertaining to formative assessment, measures to 
improve teachers’ assessment practices, and their subsequent impact on student learning 
outcomes. The course readings created a drive to learn more about the professional development 
of science teachers in terms of formative assessment and to explore the links of formative 
assessment on SLOs.  Thus, all of these factors motivated this research on science teachers’ 
professional development with respect to their assessment practices.  
Prior to this study, various research studies have been conducted on science teachers’ 
professional development in assessment. Towndrow, Tan, Yung, and Cohen (2008); Buck and 
Trauth-Nare (2009), Araceli Ruiz-Primo and Furtak (2006) and Caulfield-Sloan and Ruzicka 
(2015) conducted studies on American science teachers’ professional development in formative 
assessment. On the other hand, Aschbacher and Alonzo (2006) and Cowie and Bell 
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(1999) conducted research regarding the formative assessment model in New Zealand. Despite 
the existence of these studies, there is an absence of meta-analysis within the realm of science 
teachers’ professional development in formative assessment. Therefore, this study attempts to 
analyze research work conducted across different contexts on science teachers' professional 
development in formative assessment to provide readers with a diverse perspective with 
synthesized findings.   
Statement of Problem   
  Despite various reforms and content-based and pedagogical professional development 
programs for science teachers, students in K-12 still grapple with the conceptual understanding 
of scientific ideas, conducting independent inquiry projects, linking science to their daily lives, 
and developing scientific thinking (Buck & Trauth-Nare, 2009; Greenstein, 2010). Consequently, 
students fall short of meeting the desired curriculum standard goals, which causes alarm for 
science education. A plethora of research studies has studied teachers' professional development 
in science education (Klieger & Bar-Yossef, 2010). However, fewer studies have focused on 
science teachers’ professional development in the realm of formative assessment. This imbalance 
shows that formative assessment has not received due attention in the field of educational 
research even though formative assessment practices aid students to maximize their learning 
outcomes (Bansilal & James, 2016; Gearhart et al., 2006). To improve the quality of formative 
assessment by linking it with student learning outcomes, educational research must venture into 
this area, ultimately generating new knowledge of and new dimensions to formative assessment. 
 In the context of Pakistan, the lack of research and dearth of professional development 
opportunities for science teachers causes formative assessment to be poorly understood and 
poorly exercised in the classroom (Iqbal, 1999). Some teachers conduct formative assessments in 
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non-systematic ways, not gathering information about student learning. However, in other cases, 
they gather information but fail to use it to inform students of their learning (Brookhart, 2008; 
Martone & Sireci, 2009). Thus, this trend renders formative assessment ineffective, which 
ultimately affects student learning. To succeed in improving student learning in science 
education, we as teachers need to adopt formative assessment strategies in such a way that will 
inform students of their learning progress and enable them to regulate their own learning. 
Therefore, science teachers’ professional development in the domain of formative assessment 
should be dealt with on a priority basis, for it would expose the teachers to various formative 
assessment practices, enabling them to replicate those practices to help students achieve the 
science curriculum standards.  
 To obtain a synthesized perspective towards and achieve the aforementioned goals of 
formative assessment, we must analyze the previously conducted yet limited research on science 
teachers’ professional development in the area of formative assessment. Such a review will 
inform us about the ongoing trends, perspectives, and practices of formative assessment in 
different contexts.  Therefore, this study serves as a meta-analysis of previously conducted 
research both to gain insight into beneficial practices, impacts, and issues regarding the science 
teachers’ professional development in formative assessment and to analyze the feasibility of 
those practices in other contexts.  
Significance  
 Multiple research studies have examined science teachers’ professional development in 
assessment in general. This study contributes to the existing body of research by adding 
knowledge about science teachers’ capacity-building in science education with an emphasis on 
formative assessment. Moreover, findings provide insight to science educators on the 
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professional development of teachers in terms of assessment, thus enabling these teacher 
educators to conduct contextually relevant and effective sessions on classroom assessment for 
science teachers. Furthermore, this study enriches science educators' understanding of the 
philosophical underpinnings and epistemology of PD in science education.    
 Science teachers also benefit from this study. In addition to expanding their assessment 
practices, this study will enhance teachers’ understanding of formative assessment with respect 
to its role in enhancing SLOs. Moreover, they will learn about the challenges that other science 
teachers face when implementing formative assessment in the classroom. Consequently, they 
will take measures to cope with these challenges.  
  This study is conducted under the support of UTK. Therefore, it helps the science 
education department of UTK in taking informed decisions while designing courses and 
conducting PD sessions for science teachers regarding assessment in science.  
  I am lastly pursuing this research through dual roles: as a science teacher and a teacher 
educator. This study will improve my own understanding regarding the professional 
development of science teachers in the area of assessment. Ultimately as a science teacher, this 
study will motivate me to initiate new assessment strategies in the science classroom. As a 
teacher educator, the findings of this study will provide me knowledge about science teachers’ 
capacity-building in assessment.   
Research Questions  
 The following research questions will guide the research process: 
1) What do research findings in the extant literature say about the impact of 
formative assessment-oriented PD sessions in science education on students’ 
learning outcomes? 
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2) What issues are highlighted by the extant literature regarding the conducting of 
PD sessions on formative assessment? 
3) What common themes can derive from the research on the professional 
development of science teachers in the field of formative assessment? 
Definition of Key Terms 
Formative assessment 
 Formative assessment is a process carried out by teachers and students during instruction 
to gather information about the progress of student learning in an effort to provide students with 
useful feedback. This information and feedback can help students by addressing their 
weaknesses, identifying gaps in their knowledge and learning, and enhancing their understanding 
of concepts targeted by the curriculum (Kulm, 1994).  
Capacity-building  
 Capacity-building involves enhancing science teachers’ mastery of content knowledge 
and developing their understanding and skills about pedagogy and other domains of teaching and 
learning through PD sessions (Mervis, 2000).  
Pedagogical content knowledge 
 Pedagogical content knowledge is an integration of teaching skills and subject expertise. 
It includes the knowledge of subject matter, teaching skills, curriculum, and assessment 
(Magnusson, Krajcik, & Borko, 1999). 
  
 10 
CHAPTER TWO: 
RESEARCH METHODOLOGY 
 Because this study is a qualitative meta-analysis, this section will provide an overview of 
qualitative research. More specifically, it will focus on the definition of qualitative meta-
analysis, its significance, and its philosophical underpinnings. The next section will provide the 
mechanism, methods, and procedures for searching and selecting relevant articles for analysis. 
The final section will discuss the criteria for inclusion and exclusion of reviewed articles, along 
with the limitations associated with this study.  
Qualitative Approach 
 Researchers employ different approaches while embarking on meta-analysis. One 
approach is a quantitative meta-analysis, in which researchers review quantitative research 
articles for statistical analysis (Cooper, 2011). Another form is the qualitative meta-research, in 
which researchers synthesize the findings from relevant qualitative research studies, identify 
themes, locate gaps, and report patterns that emerged from the identified themes.  In addition, 
Glass, McGaw, and Smith (1981) further divided meta-analysis into two categories: primary 
meta-analysis and secondary meta-analysis. In the primary meta-analysis, the original data of 
conducted studies is re-analyzed with better and different analytical strategies; however, in 
secondary analysis, the findings of previously conducted studies are synthesized and analyzed 
with a new perspective and dimensions. Concerning the nature of this study, the methodology of 
choice is qualitative meta-analysis, selected to integrate the findings of 16 studies and answer the 
new questions emerging from data. 
 Many reasons lie behind conducting this meta-study within the qualitative paradigm. 
First, as a researcher, I feel more comfortable with qualitative analysis rather than quantitative or 
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statistical analysis, for I realize that my analytical skills in these areas do not meet the standards 
of quantitative research. Thus, I decided to conduct this meta-analysis adopting the qualitative 
approach. Secondly, the purpose of this research is to develop multiple, diverse, integrative, and 
wider perspectives pertaining to the professional development of science teachers in the domain 
of formative assessment from previously conducted research work in different contexts. This aim 
justifies the qualitative approach as an appropriate method since it provides the reader with an 
“in-depth,” “holistic,” and broader view of the studied subject (Denzin & Lincoln, 1994; Robson, 
2002). Finally, this research aims at “making sense and interpreting”—as well as synthesizing—
findings of different research studies from diverse contexts related to science teachers’ 
professional development in formative assessment (Creswell, 2012). Based on these reasons, I 
opted to conduct this meta-analysis study using a qualitative approach. My goal is ultimately to 
add knowledge on the existing literature that emerges from this synthesis of research studies. 
Qualitative Meta-Analysis 
Qualitative meta-analysis is one of the many research approaches that exist within the 
domain of qualitative research. According to Zimmer (2006), qualitative meta-analysis aims to 
provide an amalgamated, comprehensive view of different research studies on theory 
development, higher-level abstraction, and generalizability to make the qualitative findings more 
accessible for theory and practice. The synthesis of the research is not an ordinary review of 
previously conducted research studies but rather a systematic and research-based approach for 
the construction of new knowledge through the interpretive analysis of existing qualitative 
research findings.  
 According to Gini and Pozzoli (2013), meta-analysis resembles primary research study. 
However, in meta-analysis, instead of a human subject, researchers prefer to select different 
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research studies as a unit of analysis, followed by unified results and drawn conclusions from the 
body of research studies. As a result, meta-analysis provides an integrated review and gist of 
varied research studies from a particular domain on a particular issue; case for research; or the 
policy of interest, program, and intervention. This would enable the researcher to investigate and 
analyze a particular area with different analytical perspectives.  
 However, Gewurtz et al. (2008) have associated the process of qualitative meta-analysis 
with a process similar to a literature review, in which researchers use findings from different 
research studies as data and build new knowledge by assimilating those findings. Additionally, in 
qualitative meta-analysis, researchers conduct a rigorous secondary qualitative analysis of the 
primary qualitative findings to uncover the similarities, differences, and patterns amongst 
different research studies. 
 The reasons for conducting qualitative meta-analysis are to provide a meaningful and 
broader description of phenomena and uncover relative patterns and underlying relations from 
findings of conducted research. This meta-analysis will constitute general principle and 
cumulative knowledge regarding science teachers’ professional development in the area of 
formative assessment (Timulak, 2009; Wolf, 1986). Schreiber, Crooks, and Stern (1997) state 
that qualitative meta-analysis is characterized by ‘‘the aggregating a group of studies for the 
purposes of discovering the essential elements and translating the results into an end product that 
transforms the original results into a new conceptualization” (p. 314). This characterization 
implies that the logic of conducting meta-analysis lies in four goals: re-analyzing the findings of 
different studies from different angles to inform teachers about good teaching practices, helping 
the educational policymakers formulate research-based policies, figuring out similarities and 
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differences among different studies conducted on similar topics, and providing the crux of 
different research to analyze one case from various angles (Finfgeld, 2003). 
In the past, the utilization of meta-analysis was confined to the fields of medicine and 
nursing. However, in last two decades, it has been widely employed by researchers in the fields 
of psychology, sociology, anthropology, political science, and education to disclose best 
practices in these areas and provide a review of different studies (Barroso & Powel-Cope, 2000; 
Wolf, 1986; Zhao, 1991). This study aims at conducting a meta-analysis to investigate studies on 
the professional development of science teachers in the realm of formative assessment. The 
ultimate goals of this study are to identify exemplary professional development assessment 
practices for science teachers; synthesize relevant research findings; identify gaps in the 
literature related to professional development in the field of formative assessment; and offer 
suggestions for policy, practice, and research. Furthermore, this study also provides knowledge 
rooted in the findings of different research studies and unfolds both the logic behind good 
professional development assessment practices and the impact of these practices on student 
learning and science teachers’ professional development. It also adds to literature existing on the 
feasibility of these practices in other contexts. 
Searching and Reviewing Articles 
 To find relevant articles on science teachers’ professional development in assessment, 
systematic reviews of published research were conducted using such search engines as Elton B. 
Stephens Co. (EBSCO), the Educational Resource Information Center (ERIC), Web of Science, 
and Google Scholar. The key search terms used include science teachers, professional 
development, capacity-building, professional growth, and formative assessment. The first search 
yielded 1233 articles relevant to the area of research, with the distribution of articles according to 
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the search engine being the following: ERIC with 591, EBSCO with 442, Web of Science with 
123, and Google Scholar with 77.  The topics of these articles were then reviewed to filter out 
irrelevant results, leaving 60 closely relevant articles. Next, the abstracts of these articles were 
reviewed, and 16 most relevant articles regarding professional development of science teachers 
in formative assessment were selected for analysis. For the overview of the entire process of 
meta-analysis, see Figure 1 (Appendix B). 
Criteria for Article Selection 
 Per procedure of the meta-analysis, some criteria were established and used to determine  
the inclusion and exclusion of articles. The first criterion regarded the publication date of the 
selected articles. Only those articles that were published during the last two decades were 
selected for this study, thus including articles published from 1997 to 2017. Additionally, there 
were a number of studies on this topic available in different journal types. For this study, priority 
was given to those articles published in peer-reviewed journals. Furthermore, this research is 
conducted in the domain of assessment in science. Although such disciplines as language studies, 
mathematics, and social studies possess a plethora of research on assessment, this project 
selected only those studies that address or investigate assessment within the science discipline. 
Thus, studies regarding professional development of teachers from other disciplines were 
exempted from this research. The overview of articles is mentioned in Table 1 (Appendix A). 
 The focus of both my M.S program at UTK and my research is K-12 education. As such, 
only those studies that address the professional development of science teachers in K-12 
education were analyzed in this research. Thus, articles discussing professional development in 
science assessment in the context of college, university, or technical education were omitted 
from this study.  
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 After a thorough reading of each of the 16 articles, the Findings sections of each article 
were re-read, and relevant text was transferred to a separate Word document as data for further 
analysis.  In the next stage, these data were structurally coded by identifying textual excerpts 
(Lyon, 2013), followed by the extraction of themes from the codes, with each theme aligning 
with the research questions. Codes were then categorized under each theme.  Finally, 
organizational codes were ascribed to the themes following the APA citation style, using the 
name of the author and year of publication—e.g., Falk (2011). Themes were categorized under 
such headings as the impact of professional development, formative assessment-oriented 
sessions, issues related to PD sessions on formative assessment, and common themes emerged 
from the analysis. Each theme will be discussed at length in the next section. 
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CHAPTER THREE: 
RESULTS 
Introduction  
  This section presents a detailed analysis of 16 articles reviewed during this study. The 
analysis was carried out according to the research questions. The first division will share the 
impact of PD sessions on formative assessment with respect to student learning outcomes and 
teachers’ instructional practices. The next division will analyze those issues faced by teachers 
when replicating formative assessment practices in the classroom. Finally, the third section will 
discuss common themes that emerged from the synthesis of articles.   
Impact of Formative Assessment-Based Sessions on Student Learning and Teacher 
Practices  
  PD sessions on formative assessment practices are beneficial for both teachers and 
students (Stiggins, 2002; Falk, 2011). This section will discuss the impact of PD formative 
assessment sessions on both students’ academic achievements and science teachers’ instructional 
practices. 
Impact of formative assessment on student learning  
 The ultimate purpose of conducting formative assessment is to help students improve 
their learning (Yung, 2006; Kulm, 1994). Formative assessment plays a pivotal role in aiding 
students in their ability to acquire scientific knowledge; reason scientifically; use logic while 
learning scientific facts, concepts, principals, law, and theories; associate science with their 
understanding; and communicate scientific knowledge effectively (NRC, 1996). 
 Araceli Ruiz-Primo and Furtak (2006) worked with science teachers to explore their 
informal assessment practices. The findings showed that “high-quality informal assessment 
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practices can be linked to increases in students’ performance,” it illustrates that formative 
assessment practices directly influence students' academic performance (p. 230). The more we 
involve students in formative assessment, the richer an understanding they develop; they meet 
the expectations both of their teachers as well as of the science curriculum (Weeden & Lambert, 
2006; NRC, 1996). However, before implementing any formative assessment strategy in the 
classroom, qualitative aspects must be considered. Quality is defined by the relevancy of 
formative assessment to curriculum standards, students’ level of competency, and the context of 
the classroom. Moreover, feasibility of feedback also defines the qualitative aspect of any 
formative assessment.  
 The review of another study, conducted by Buck and Trauth-Nare (2009), also indicated 
positive impacts of formative assessment on students. The researchers noted an “increase in 
students’ involvement in the formative assessment process by the completion of the study. In 
contrast to high-achieving students, other students who had traditionally performed poorly 
welcomed the formative process, and began to flourish academically” (p.486). Compared to high 
achievers, low-achieving students need more help and attention from teachers. Because of their 
lower performance in classroom activities, they are reluctant to participate in classroom activities 
and unable to meet the standards set by the curriculum. Their low participation in classroom 
activities may then hinder their ability to develop a substantial understanding of science. These 
findings show that through formative assessment science teachers can support students in 
learning science by motivating them to participate in classrooms. Formative assessment will 
boost their confidence and will motivate them towards learning science (Gearhart et al., 2001; 
Weeden & Lambert, 2006).  
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Formative assessment can also promote the culture of collaboration and collegiality 
among students. Research findings have highlighted that, as a result of involvement in activities 
based on formative assessment, “students share their ideas with other students to improve upon 
their responses” (Forbes, Sabel, & Biggers, 2015, p.217). Owing to student engagement in the 
formative assessment, a sense of cooperative learning develops among students. They assist each 
other in the learning process by sharing their work. In the classroom, students possess different 
skills, and they benefit from each other’s competencies as a result of this collaboration. This 
trend helps students develop not only academically but also socially as they work together to 
achieve a joint task (Black, 2011).  
Furthermore, formative assessment shifts classroom teaching from a teacher-driven 
approach to a student-centered method, where there is a greater likelihood of full student 
participation in classroom activities. Thus, the gap between high achievers and low achievers in 
the classroom and provides opportunities for each student to grow academically (Hänze & 
Berger, 2007; Ruggieri & Wormeli, 2007). To promote cooperative learning, science teachers 
should divide students into groups of mixed abilities. Through this grouping strategy, average 
and below-average learners improve their competencies in science through interaction with high 
achievers. In a nutshell, cooperative learning works as a catalyst in the academic and social 
development of the whole class (Araceli Ruiz-Primo & Furtak, 2006). These findings signify 
formative assessment’s power in stimulating student learning by enabling students to track their 
learning through self-regulation, improve their performance in the light of feedback, and develop 
responsibility for their learning. However, formative assessment should be implemented 
properly, remembering the classroom realities, and should be continued consistently. Rather than 
being confined to a particular form of formative assessment, science teachers should rely on a 
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variety of strategies and reflect on their formative assessment practices to help students—at both 
a group and individual level—to develop a sound understanding of science. Such results arise 
when science teachers are equipped with the skills and knowledge required for the effective 
implementation of formative assessment, gathered through frequent PD sessions on formative 
assessment (AAA, 2003; Avalos, 2011).   
Impact of formative assessment on science teachers’ instructional practices 
 Apart from student learning, formative assessment strategies play a significant role in 
science teachers’ professional growth by enhancing their instructional practices. In the light of 
students' responses and information gathered regarding student learning, teachers revisit their 
pedagogical practices and adopt planned, student-centered instructional practices that expedite 
student learning by ensuring full student involvement (Cowie & Bell, 1999; Ruggieri & 
Wormeli, 2007). Findings from Buck et al.’s (2010) intervention-based study revealed that 
sessions on formative assessment caused: 
a substantial increase in PST [Pre-Service Teachers] level PST of understanding of the 
purpose of formative assessment….Data from classroom observations and exit cards on 
days of explicit instruction indicated an increase in the PSTs’ ability to distinguish 
formative assessment from other forms of assessment…. As compared to pretest, in 
posttest, they found that the majority of pre-service science teachers showed a thorough 
understanding of formative assessment. They properly elaborate the definition, purpose, 
and significance of formative assessment in teaching and learning of science. (p. 412) 
Science teachers’ classroom practices are shaped by their perceptions and beliefs about teaching 
and learning. Thus, changing their assessment practices without changing their beliefs about 
classroom assessment will neither be helpful for adopting formative assessment strategies nor be 
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conducive to enhancing students’ understanding and required skills (Suurtamm, Koch, & Arden, 
2010). Science teachers, like other teachers, possess beliefs about classroom practices. Their 
practices are deeply rooted in their beliefs and perceptions, which both manifest in their view 
towards student learning and provide pathways and background to classroom assessment 
practices (Evans, Luft, & Czerniak, 2014; Pajares, 1992). Enhancing SLOs in science through 
formative assessment strategies requires a harmony in science teachers’ beliefs and practices. 
While changing science teachers’ perceptions of the formative assessment, it is necessary to shift 
their ideas and conceptions about the accountability aspects of assessment so that the teachers 
may provide support to students to enhance their learning process (Araceli Ruiz-Primo & Furtak, 
2006; Richardson, 1996; Towndrow et al., 2008). 
   However, improving SLOs requires more than simply expanding teachers’ 
understanding. PD sessions will not serve their actual purpose of supporting students in the 
learning process by merely developing teachers’ understanding (Buck et al., 2010). This 
argument is echoed in a study in which a research participant viewed PD sessions on formative 
assessment as “an opportunity to strengthen the way she used assessment evidence to inform her 
teaching, provide feedback to students, and involve students in tracking their progress” 
(Gearhart, et al. 2001, p. 245). The impact of the current study is more pragmatic since it directly 
deals with the practical aspects of classroom assessment, including identifying student progress 
and giving feedback. Application of formative assessment directly contributes to students' 
conceptual understanding in science because teachers are helping students to compare their 
learning to curriculum standards by incorporating teacher feedback. As a result, students will 
take the ownership of their learning by comparing their current level of science understanding 
with the curricular goals (Greenstein, 2010; Stiggins, 2002). 
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  Lyon (2013) also worked with PSTs on formative assessment. Findings from his 
research work reported that: 
the teachers expressed positive attitudes toward providing students with feedback, 
modifying instruction based on assessment information, and engaging students in self-
assessment…. They used the students’ own work as a starting point for discussion about 
target concepts and they asked students to revise their own work after a discussion or re-
teaching of the concept. (p. 458)  
The excerpt suggests that, besides ameliorating teachers’ feedback skills, this intervention also 
encouraged teachers to engage students in self-assessment practices. Large classes, workload, 
and time constraints often prevent science teachers from evaluating student learning. However, 
as a replacement, teachers can engage students’ in self-assessment practices. For this purpose, an 
effective process of self-assessment is necessary. To render the effectiveness of formative 
assessment through self-assessment, students first need to be clear about the objective of the 
task: What are teachers expecting from them? What are the guidelines for accomplishing the 
task? What should be the criteria for evaluating the task (Fwu & Wang, 2012)?  
Lastly, student work can be used as a resource to gain information about student learning. 
After analyzing student work, science teachers will be aware of the strong and weak areas in the 
students’ understanding. The teachers will ultimately focus on weak areas as they design 
formative assessment strategies. Doing so will help them cater to the learning needs of low 
achievers, boost their confidence, motivate them to participate in classroom discussions and 
activities. Ultimately, students develop a sound understanding of science, possessing scientific 
skills and developed competencies (Ash & Levitt, 2003; Kazempour & Amirshokoohi, 2014).  
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 Findings of all previously cited studies suggest that the engagement of science teachers in 
PD sessions on formative assessment has a long-lasting and useful impact on their classroom 
practices. PD sessions not only enhances their content knowledge but also improves their PCK 
(Towndrow et al., 2011). Apart from this, sessions on formative assessment provide necessary 
knowledge about formative assessment practices, which help teachers adjust their instruction.  
Professional development in formative assessment helps science teachers assess students’ 
knowledge in a reliable, valid, and relatively dependable way (Weeden & Lambert, 2006). Thus, 
it results in upgrading students’ learning competencies to sound understandings of concepts, 
broadly conceptualizing students’ understanding, and effecting positive changes in attitude and 
scientific skills. In order to ensure the effectiveness and sustainability of formative assessment 
practices, PD sessions must occur periodically on a longitudinal basis rather than one time only 
(Fwu & Wang, 2012). To ensure the implementation of formative assessment practices in the 
classroom, there should be a proper mechanism of follow-up, like classroom observations and 
debriefing sessions. Lastly, science teachers within the school will have to develop a community 
of learners, where they can discuss and reflect on their formative assessment skills and other 
classroom practices while benefit from each other’s expertise (Lee & Luykx, 2005; Woodland, 
2016). 
Issues Prevailing in Assessment-Based Professional Development Sessions  
 Formative assessment contributes to student learning in many ways, like learning 
scientific concepts, developing scientific attitudes, and enhancing scientific skills (Stiggins, 
2002). At the same time, some issues are linked with conducting sessions on formative 
assessment and its replication in the classroom. If not handled properly, these challenges impede 
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formative assessment’s transition into teaching and learning.  These issues will be thoroughly 
elucidated in the following section. 
Teachers’ lack of understanding of formative assessment  
 One of the most common issues in formative assessment implementation is that a 
majority of science teachers lack the required understanding and skills for conducting a 
formative assessment. Consequently, regarding student achievement, the true impact of 
formative assessment is not reflected in their classroom (Aschbacher & Alonzo, 2006). Findings 
from the study of Sabel, Forbes, and Flynn (2016) report that formative assessment “is still rarely 
a part of elementary science instruction….studies suggest that this may be because teachers do 
not have a sufficient understanding of formative assessment” (p. 1093). Because teachers poorly 
understand formative assessment, it is not a common practice in science classrooms, and science 
teachers are reluctant to apply it while teaching science.  Before implementing formative 
assessment, teachers first need to develop a holistic understanding regarding its functionality, 
requirements, impact, and role of teacher and students. Then, teachers should master the skills 
required for the formative assessment. By having command of the theoretical as well as practical 
aspects of formative assessment, science teachers will be able to implement it effectively. If, 
however, a teacher lacked any one of these areas, the desired results from formative assessment 
would not be achieved (Yung, 2006; Bell, 2002; AAAS, 1990).  
Discussing the reasons for science teachers’ lack of understanding and practice, Forbes, 
Sabel, & Biggers (2015) argued that formative assessment in the domain of science education 
has not succeeded in attracting the attention of the researcher. Consequently, few research 
studies have been conducted in this area; therefore, a dearth of empirical knowledge on 
formative assessment exists. Moreover, researchers have not investigated it with regard to its 
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feasibility, outcomes, and impact on student understanding. Consequently, science teachers are 
struggling while searching for research-based knowledge to broaden their conceptualization of 
formative assessment. To solve this issue, researchers need to conduct large-scale research on 
formative assessment. In addition, science educators and science teachers can also conduct 
classroom-based research, like action research, to change classroom assessment practices by 
introducing a new assessment strategy. Extensive research on formative assessment will not only 
enhance their understanding of formative assessment strategies but also enable them to apply 
those strategies proficiently. 
By eliciting information about students’ prior knowledge, formative assessment is an 
effective tool for learning students’ current state of knowledge. If formative assessment is not 
prevalent in classrooms, measuring students’ level of understanding and eliciting information 
from them proves difficult. As a result of formative assessment’s absence from classrooms, 
"students’ reluctance to express their current level of understanding initially proved to be 
problematic as we attempted to elucidate their conceptual development" (Buck, Trauth-Nare, & 
Kaftan, 2010, p. 484). Formative assessment cannot be initiated without having information 
about students’ existing competencies. It is therefore necessary to conduct formative assessment 
frequently in the classroom. Not only will this assessment motivate all students, especially low 
achievers, to participate in classroom discussions to share their learning, but it will also help 
science teachers gather information about student learning and arrange instructional strategies 
accordingly (Aschbacher,1994; Black & Wiliam, 1998). To increase their understanding of 
formative assessment, science teachers should be frequently engaged in PD sessions conducted 
on formative assessment. Doing so will help them to develop a substantive understanding of the 
theory and practice of formative assessment. In addition to PD sessions, researchers, science 
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educators and science teachers need to investigate formative assessment from different 
perspectives in different contexts with different approaches, supplying the knowledge to teachers 
to develop understanding for practicing formative assessment.    
Discrepancy between formative assessment practices and external exams 
Frequently, teachers experience formative assessment-based sessions but encounter a 
dilemma once they return to the classroom to implement formative assessment. They find a 
discrepancy between what they acquire from the PD sessions and what actually happens in the 
science classroom (Cobern & Loving, 2002). Despite possessing the knowledge and skills, such 
factors as overcrowded classes, syllabus-coverage issues, workload, and summative schoolwide 
exams discourage science teachers from applying formative assessment strategies in a productive 
way. The situation worsens as science teachers take initiatives to prepare students for 
standardized tests. Often a mismatch exists between formative assessment practices and 
summative assessment practices, as well as standardized tests (Lomask, Baron, & Greig, 2003).  
Klieger and Bar-Yossef (2010) conducted a study in Israel to investigate the reasons 
behind students’ poor performance on science-based standardized tests (e.g., TIMSS, PISA, and 
GEMS). They found that “these low achievements indicated several weakness foci: in the fields 
of content, scientific inquiry, integration of skills, and even in the structure and formulation of 
test items developed by the teachers" (p. 787). Formative assessment is a useful tool for 
improving students’ learning of content measured on standardized exams. Through formative 
assessment, science teachers diagnose and address students’ strengths and flaws in 
understanding. If effectively and continually implemented, formative assessment can enhance 
students’ performance on summative and standardized tests. For this purpose, aside from 
formative assessment, science teachers’ capacity should also be built regarding the pattern, 
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mechanism, and assessment criteria of standardized and summative tests (Stake, 2010; Klieger & 
Bar-Yossef, 2010). 
Gaps in pre-service training on assessment  
Pre-service training plays an important role in the professional development of science 
teachers. It equips prospective science teachers with skills required for the teaching profession 
(Buck, Trauth-Nare, & Kaftan, 2010). Sometimes, however, pre-service training does not 
contribute to a thorough understanding for pre-service teachers (PSTs) in the realm of 
assessment. As a result, PSTs grapple with assessing student learning when starting their 
teaching career. Research findings show that “most commonly, the PSTs confused formative 
assessment with unrelated pedagogical strategies, ongoing summative assessment, standardized 
and norm-referenced assessment, or all of the above” (Buck & Trauth-Nare, 2009, p. 410). For 
their professional development, PSTs must develop a broader understanding of formative 
assessment by being exposed to theory and practice; this exposure would enable them to 
distinguish between formative assessment and other forms of assessment. Pre-service training 
needs to be designed in such a way that orients teachers to different models of assessment and 
equips them with skills required to conduct those models. PD sessions would also make teachers 
aware of the challenges that other science teachers and students face during these various tests 
and would enable them to bring coherency among formative, summative, and standardized tests.  
Sabel, Forbes, & Zangori (2015) illustrated this same picture of pre-service training: 
"preservice teachers anticipated students’ ideas and evaluated students’ responses based on their 
own perceived lack of life science content knowledge. They had difficulty in evaluating evidence 
of students’ thinking due to their own uncertainty of life science content or how to interpret 
student responses” (p. 430). Science teachers’ poor command of their subject matter is a major 
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challenge to their professional growth. Sometimes, teachers with average content knowledge 
participate in pre-service training, but these sessions do not strengthen their grasp of science 
content. Consequently, they face issues with assessing student learning through formative 
assessment (Buck, Trauth-Nare, & Kaftan, 2010). All these findings from different research 
studies show that pre-service training programs are not catering to the assessment needs of 
prospective science teachers in regards to the subject matter. Science teachers enter the 
classroom with poor background knowledge of assessment and their subject. Therefore, they 
cannot assess student learning in a reliable and meaningful way; moreover, they cannot use 
information regarding student learning in a productive way, making their decisions about student 
learning unrealistic (Lyon, 2013; Falk, 2011; Escalada & Moeller, 2006). As a dependable 
solution to this issue, the pre-service training of science teachers needs to focus on both 
pedagogy and content, empowering the novice science teachers to effectively deliver and assess 
content through student-centered instruction and effective formative assessment practice. 
Common Themes Emerged from the Synthesis of Research Studies 
For the successful replication of formative assessment, it must be envisioned a process 
embodying different subskills rather than as a single entity. Formative assessment can play a 
pivotal role in improving teaching and learning if the sub-skills are linked to it in accordance 
with the context and learning needs of students.     
Role of PCK in formative assessment 
Pedagogical content knowledge (PCK) is part and parcel of teaching and learning. It 
similarly plays an important role in updating science teachers’ assessment skills. Understanding 
PCK allows science teachers to elicit information about student learning and align formative 
assessment activities to curriculum objectives (Yung, 2006; Stiggins, 2002).  Most of the articles 
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selected for the review highlighted the importance of PCK in designing and conducting 
formative assessment in science teaching. Falk (2011) asserts, 
 PCK is an integral part of teachers’ formative assessment practice…. Teachers used 
knowledge of important learning goals as a means of focusing their interpretation of 
student responses.  Teachers used knowledge of the local curriculum in the process of 
making connections between multiple aspects of formative assessment. Teachers also 
used knowledge of instructional strategies as they engaged in formative assessment in 
multiple ways….Teachers used knowledge of student understanding built through 
interpretation of the student work in earlier PD sessions to interpret student work in 
subsequent sessions. (p. 75)   
As basic features of PCK, learning goals, curriculum, and assessment are interlinked. The above 
excerpt shows that these three components are directly involved in the effective functioning of 
formative assessment and attaining goals. Therefore, science teachers heavily rely on PCK 
during formative assessment. Through PCK, science teachers set assessment objectives that are 
parallel to the science curriculum standards and that assess students’ competencies in accordance 
with benchmarks of those standards (Shulman, 1986).  Knowledge of instructional strategies 
helps teachers adjust their instructional strategies in accordance with formative assessment 
practices and student learning needs. They track student progress and give them productive 
feedback to reconstruct their understanding (Magnusson et al., 1999). Additionally, teachers 
elicit students’ prior knowledge, infer from student responses, and take further action to address 
the weaknesses and strengths in those responses. Understanding of PCK, helps science teachers 
to bridge the gap between student learning and the curriculum standards (Lannin et al., 2013). 
This intervention indicates that a PCK-oriented capacity-building opportunity contributes greatly 
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to enhancing teachers’ instructional as well as assessment skills, ultimately moving students’ 
scientific learning forward. The replication of skills also demonstrates that the intervention 
changes the attitude of the science teachers. Because of this change, they give up the old teaching 
and assessment practices and lean more towards formative assessment practices. 
 Jones and Moreland (2005) conducted a study exploring the impact of PCK on science 
teachers’ classroom assessment practices. They found that PCK-based sessions provide 
guidelines for initiating formative assessment practices. Having gone through these sessions, 
science teachers gain conceptual and procedural knowledge that assists them in linking learning 
to formative assessment activities. These sessions also boost science teachers’ confidence and 
motivation to translate these practices from PD sessions to the classroom. Overall, PCK 
significantly impacts science teachers’ formative assessment practices. It provides science 
teachers with awareness about the learning priorities of their students. Furthermore, PCK-based 
sessions also hone the feedback skills of teachers, enabling them to provide students with 
immediate and meaningful descriptive feedback. Most importantly, PCK-based sessions help 
science teachers blend instructional practices, curriculum, and learning goals so that formative 
assessment is relevant, effective, and goal-oriented. By identifying learning gaps, they ultimately 
enables students to improve their conceptual understanding (Gibbs & Simpson, 2005; 
Magnusson et al., 1999). Because of a rich understanding of PCK, teachers design assessment 
strategies that cater to student learning needs in regards to curriculum standards. Employing their 
PCK, science teachers explore their students’ background knowledge and guide students through 
constructing, deconstructing, and reconstructing their science learning. (Lannin et al., 2013). 
These practices in turn help improve students’ engagement and possible learning outcomes.  
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Content knowledge and formative assessment 
 The review of research studies revealed that teachers’ content knowledge also plays a 
critical role in enhancing science teachers’ formative assessment practices. Teachers use their 
content knowledge as they evaluate students’ ideas in science during formative assessment. An 
analysis of findings further reveals that teachers with strong content knowledge are in a better 
position to effectively assess students’ work (Falk, 2011). Findings of  Sabel, Forbes, and 
Flynn’s (2016) study reported that:  
teachers with higher levels of life science content knowledge were able to more 
effectively evaluate students’ ideas than teachers with lower levels of content knowledge. 
The teachers with higher scores on the content exam discussed both content and student 
understanding of the concept to a greater extent than teachers in the lower scoring groups. 
(p.1078)   
Content knowledge guides science teachers through making meaning of students’ work in terms 
of their learning achievements and weaknesses (Shepard, 2000). A firm command of content 
knowledge permits science teachers to make relevant inferences of student learning, determine 
their lacking areas, and provide remedial support. Furthermore, science teachers with a strong 
command on content knowledge will be able to develop a good understanding of subject matter, 
which would help to assess student learning in a valid and reliable way (Falk, 2011). Without 
having a sound command of content knowledge, identifying students’ alternative frameworks 
and aligning them with scientific concepts proves difficult (Lynch, 1996).  Thus, these initiatives 
will help the teachers improve students’ science learning outcomes by deepening their 
understanding of science (Tamir, 2003). Findings from another study suggested that the relation 
between formative assessment and content knowledge is reciprocal. At one end, strong content 
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knowledge enables teachers to implement effective formative assessment strategies and make 
good inference about student learning; at the other end, teachers’ engagement in formative 
assessment practices also strengthens their content knowledge (Sabel, Forbes, Zangori, 2015). 
This indicates a symbiotic relationship between content knowledge and formative assessment 
(Klieger & Bar-Yossef, 2010). Teachers’ involvement in formative assessment practices in 
classrooms and during professional development opportunities assists them in building their 
content knowledge (Sabel, Forbes & Flynn, 2016). Science teachers with an average command 
of content knowledge would not be able to successfully replicate formative assessment 
strategies, unable to provide scaffolding to improve student understanding. Thus, the actual 
objective of formative assessment regarding supporting students would not fail due to science 
teachers’ weak grasp of content knowledge, leading to students’ poor performance in summative 
as well as standardized tests (Escalada & Moeller, 2006). Therefore, PD sessions for teachers 
should give equal attention to content and PCK. 
Role of questioning in formative assessment  
 Questioning is also an important aspect of formative assessment, especially when 
centered on oral questions (Shepardson & Britsch, 2001). Science teachers use the questioning 
technique throughout teaching to gauge students’ prior knowledge, their progress, and the 
effectiveness of the lesson with respect to its objectives (Stiggins, 2002). Research conducted on 
the role of questioning in formative assessment shows that teachers were identifying students’ 
current level of understanding by employing the questioning strategy. Questioning also helps 
science teachers to gain insight into asking questions aligned to students’ competency levels. 
Finally, sessions on formative assessment enabled teachers to pay proper attention to students’ 
questions and ask probing questions, in return, to enhance students’ critical thinking (Ash & 
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Levitt, 2003). The questioning benefits both teachers and students. To improve students’ 
questioning skills, teachers first need to ask open-ended questions. Open-ended, process-
oriented, and higher-order questions will help students develop an in-depth understanding of 
science (Fries-Gaither, 2008; Fwu & Wang, 2012). Furthermore, open-ended and process-
oriented questions hone the critical thinking, reasoning, and logical skills of students. To 
promote the culture of asking effective questions, science teachers first will have to develop their 
own questioning skills. Secondly, they will have to shift their classroom practices from a 
teachers' centered one-way approach student based discussion approach (Ther & Daviss, 2001). 
 Caulfield-Sloan and Ruzicka’s (2005) study reported that before engaging in PD sessions 
on formative assessment, science teachers asked mostly close-ended, factual, and lower-order 
questions from Bloom’s (1956) taxonomy. Post-workshop classroom observations showed that 
the majority of science teachers had shifted their questioning strategy from lower-order to 
higher-order; close-ended to open-ended; and factual to procedural questioning. Open-ended 
questions broaden students’ understanding while also improving the quality of formative 
assessment.  
  To improve students’ questioning skills, teachers should develop their questioning skills 
through capacity-building sessions. In these capacity-building programs, questioning needs to be 
viewed as a component of formative assessment rather than an isolated entity; and teachers 
should be encouraged to use higher-order questions from the analysis, synthesis, and evaluation 
categories of Bloom’s (1956) taxonomy. The quality of questions will not be determined by their 
complexity but by the in-depth and rich understanding that the questions will establish (Frieberg 
& Driscoll, 2005). Through higher-order questions, teachers will be able to modify students’ 
behavior in a way that develops a scientific attitude within them.   
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   Ruzi-Primo and Furtak’s (2006) study claims that the "teacher whose students had the 
highest performance on our tests was the teacher who held the most discussions, asked the most 
concept-eliciting questions, and employed the greatest diversity of strategies that used 
information she had gained from student understanding" (p. 215). All aforementioned findings 
make it evident that questioning is an integral part of the formative assessment that contributes to 
enhancing students’ learning, critical thinking, and engagement in classroom activities. To 
promote the culture of questioning, teachers should provide ample chances for discussion and 
welcome student mistakes. Teachers need to include what, when, why, and how questions in 
their classroom discourse. Lastly, teachers should confine neither themselves nor their students 
to textbook-oriented questions; instead, teachers will have to look beyond the textbooks and 
develop high-order questions by themselves (Harlen, 1996).  
Feedback in formative assessment  
 Feedback is the crux of formative assessment because it provides an opportunity to 
students to gain a greater understanding of their learning progress and encourages them to 
actively strengthen their learning in the light of science teachers’ feedback (Forbes et al., 2015).  
An analysis of research highlights that “quality assessment requires… quality tools for gathering 
evidence of student learning, sound interpretations of the evidence, and quality uses of the 
information to guide instruction and provide students with useful feedback” (Gearhart et al, p. 
241). Formative assessment proves meaningless if not followed by proper, meaningful, 
constructive, and timely feedback. While giving feedback, teachers will have to carefully 
consider the information regarding student learning (Deniel & Gumer, 2001). Quality feedback 
should be provided on time and be comprehensive so that students can get meaning out of it and 
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know where they stand in relation to the learning targets and in what way they can reach those if 
they are behind (Brookhart, 2008). 
   Ruiz-Primo and Furtak (2006) further explain the usefulness of feedback, saying that 
feedback “should assist students in developing the ability to monitor their learning progress, as 
well as to judge the quality of their own work” (p. 216).  Effective feedback would improve 
Students Learning Outcomes and have a positive impact on their motivation and self-efficacy if 
students were to incorporate it into their future learning. After giving feedback, science teachers 
should monitor whether the impact of feedback is reflected in student work. As a result of 
feedback, students will regulate their learning as independent learners, and teachers would be 
able to instill the desired academic behavior in students. 
 Buck and Trauth-Nare (2009) conducted interventions to improve teachers’ feedback 
practices. Their findings show that science teachers realized the significance of feedback after 
several cycles of feedback. Feedback enables them to give specific feedback to students instead 
of such remarks as “you rock” and “good job” (p. 485). Additionally, feedback allows students 
and teachers to extend their thinking about particular science concepts. The description of 
feedback is necessary to make any assessment practice useful. First, it should be clear and 
simple. Students can easily understand what the teacher is expecting from them and what they 
need to initiate next to enhance their learning. It should be constructive, especially in the case of 
low achievers; negative feedback discourages them, and they become defensive and, in some 
cases, abandon yearning for further improvement. It helps students to accomplish not only a 
particular task but future learning tasks as well. Lastly, it should be specific not general.  It 
should explicitly mention what the current position of the students’ understanding is, where the 
position should be, and how they can reach the desired position.  In addition to informing both 
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teachers and students of the next learning step, this way helps students easily identify their 
strengths and weaknesses and fulfill teachers' expectations (Aschbacher & Alonzo, 2006). 
  In summary, when given appropriately, feedback is a valuable tool for expediting student 
learning. It positively influences their motivation and self-efficacy. Science teachers should 
attend to the positivity of their remarks, clarity of descriptions, and suggestions for learning 
improvement. These elements collectively make feedback productive by enriching students’ 
understanding and helping them reach their full potential. Lastly, feedback should be given in a 
way that not only helps students to accomplish a particular task but also contributes to their 
future learning (Buck & Trauth-Nare, 2009). 
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CHAPTER FOUR: 
DISCUSSION 
  This chapter generates a discussion on the findings of this research study. The first 
section summarizes major topics from the analysis of the literature. The next section elaborates 
on the study’s implications with regard to practice, research, and policy. The final section of this 
chapter informs readers of the study’s potential weaknesses and challenges.   
Principles of Formative Assessment  
 The review of research studies has established that formative assessment is a vital 
component of the teaching and learning process. The most important outcome of the formative 
assessment is improvement of SLOs by supporting students throughout instruction (Shepardson, 
2001). To achieve this and various other objectives, formative assessment in science must be 
based on certain guiding principles, highlighted in the literature. However, this section will 
discuss only those principles that are rooted in this meta-analysis, such as that of the student-
centered approach, data orientation, and provision of equal opportunities for all students. These 
guiding principles will define the working mechanism and the subsequent outcomes of formative 
assessment.   
  The student-centered approach is the first and foremost principle of formative 
assessment. The focus of formative assessment is to improve SLOs by developing students’ 
understanding of, skills in, and attitudes toward science. Doing so does not require students to 
adjust their learning habits to align with the teachers' instructional strategies; instead, formative 
assessment emphasizes that science teachers adopt such teaching strategies that can facilitate 
students in developing a rich understanding of science concepts (Falk, 2011; Stiggins, 2002). In 
simple terms, formative assessment does not focus on how teachers are instructing but rather 
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stresses how students are learning (Greenstein, 2010). Because of this, science teachers 
continuously reflect on their teaching methodologies and design them per the students' needs. 
Thus, they prefer those instructional strategies that facilitate improvement in student learning 
(Black, 2011; Falk, 2011; NRC, 1996).  
  Secondly, formative assessment is data-oriented. Science teachers use formal and 
informal classroom practices to collect data about their students’ ongoing learning. These data 
informs them about what students are learning, what students need to learn, and what students 
need as support to reach their full potential. Data also provides an overview regarding the 
learning of an entire class (Cowie & Bell, 1999). At the same time, these data demands that 
science teachers align assessment, content, and instruction to achieve curriculum standards; 
therefore, science teachers consider collecting data during formative assessment. Science 
teachers should use these collected data to get information about student learning, predict their 
future progress, and take remedial steps for struggling students (Weeden & Lambert, 2006).  
 Lastly, formative assessment provides equal learning opportunities for each student. At 
the same time, it also considers the learning needs and issues of every individual student; for this 
purpose, in contrast to giving generic and collective feedback to the entire class, formative 
assessment encourages teachers to provide individual and specific feedback. Furthermore, during 
formative assessment, students’ competencies and potentials are not compared with each other; 
rather, students are evaluated in relation to curriculum standards (Greenstein, 2010). Every 
student in the classroom possesses individual differences, personal backgrounds, and unique 
learning experiences; thus, in this situation, the desired outcomes of formative assessment cannot 
be reached by measuring all students with the same yardstick (Lyon, 2013). 
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Sustainability of Formative Assessment Practices 
  Enhancing SLOs in science is the essence of formative assessment (Bell, 2002). 
However, to bring sustainable change in student learning, science teachers should exercise 
formative assessment practices in their classrooms on a regular basis (Gummer & Shepardson, 
2001). Even through continual formative assessment practices, one individual or group of 
science teachers alone cannot reach the goal of sustainable improvement in students’ scientific 
understanding. It rather must be a collective task of school improvement in which teachers from 
every discipline participate (Stiggin, 2002). 
 Marris (1975) suggests that in order to sustain the process of improvement in students’ 
academic achievements, classroom interventions must be based on initiation, implementation, 
and institutionalization. Science teachers will have to invest energy and time on initiation and 
implementation because at these opening stages, teachers can encounter resistance from the 
classroom situation, students, and other stakeholders. However, process will show its impact 
once formative assessment is adopted as an organizational practice (Wilson, 2013). For the 
institutionalization phase, formative assessment must be included in the school development plan 
as an important component, and all teachers will have to commit to facilitating students in the 
learning process through formative assessment practices. The process of institutionalization will 
ensure the sustainability in developing a substantial understanding of science among students 
through reliable formative assessment practices (Yung, 2006). Science teachers should continue 
to reflect on these practices even after the phase of institutionalization. Through continuous 
reflection, they may amend the formative assessment strategies according to the progression of 
students’ learning needs and the emerging situation.  
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Relevancy of Formative Assessment Practices 
 To improve students’ understanding of science, teachers should implement some novel, 
research-based and student-driven formative assessment practices to gauge student learning. In 
the pursuit of applying new classroom assessment practices, science teachers ignore their 
responsibility to student learning. They choose strategies from the literature or good assessment 
practices from other situations and implement them in the classroom without considering their 
relevancy in the classroom (Merrifield, 2000). The classroom context plays a central role in any 
school improvement process. Before doing any intervention related to formative assessment in 
classrooms, science teachers need to conduct a situational analysis of the classroom context to 
which the formative assessment practice should align. The analysis will help them figure out the 
strengths and weaknesses of context with respect to the formative assessment strategy (Sanders, 
Wright, & Horn, 1997).  
According to Beecher and Sweeny (2008), assessment enrichment would provide an 
opportunity for teachers to assess students’ mastery of scientific knowledge within the contextual 
realities in accordance with the curriculum, rendering the assessment strategy meaningful. While 
making formative assessment practices relevant, we need to consider different aspects of the 
classroom context. First, formative assessment needs to be designed with respect to student 
competency. Often, classroom activities are taken from developed education systems and 
implanted into classrooms where students’ competency levels are not parallel to the standard of 
the newly installed assessment activities, making the formative assessment unproductive and 
meaningless (Joyce & Showers, 2002). However, by matching it to the level of the curriculum 
and student competency, the assessment can be made productive and relevant to classroom 
context. Apart from student competency, classroom assessment practices can be redesigned with 
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respect to the medium of instruction and tools used for assessing student understanding. With 
these adjustments in classroom assessment activities, the desired outcomes regarding enhancing 
students’ academic achievements can be achieved.  
 Framework for Formative Assessment 
 For the successful implementation and conceptual development of students in science, 
formative assessment practices need to center on a specific framework, which will define the 
philosophical underpinnings and specify the operational mechanism for the formative 
assessment. Additionally, the assessment framework stimulates reflection about the assessment 
task at the classroom, school, and district levels (Shepardson & Gummer, 2001).  Describing the 
characteristics of the assessment framework, the NRC (1996) asserts that the framework should 
reflect the best thinking about the knowledge, skills, and competencies needed for a high degree 
of scientific understanding among all students. 
 Because of the review of various research work, a framework based on PCK and content 
knowledge emerged for this study. In this framework, PCK and content knowledge provide 
foundations for initiating any intervention related to formative assessment. Through content 
knowledge, science teachers will be able to assess students’ scientific understanding and 
reasoning while PCK will help teachers design relevant tools and mechanisms to formatively 
assess students’ scientific understanding (Falk, 2001). Questioning and feedback will play a 
supportive role in the execution of formative assessment practices. Through questioning, science 
teachers will elicit information from students regarding their background knowledge, evaluate 
their understanding, and involve them in classroom activities (Caulfield-Sloan & Ruzicka, 2005) 
while feedback will inform students of their learning progress with respect to their achievements 
and shortcomings. Feedback will also provide guidelines to students for improving their learning 
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according to teacher expectations (Jones & Moreland, 2005).  Thus, these four components 
jointly contribute to enhancing students’ learning outcomes, enabling students to track their 
learning with respect to curriculum standards and develop a sense of responsibility for their own 
learning (see Figure 2).  
  This framework also suggests that to reach the desired outcomes from formative 
assessment practices, science teachers will have to take both content knowledge and PCK side by 
side, maintaining a balance between the two. Without enough of a command of these two 
components, science teachers will neither be able to properly execute formative assessment nor 
bridge the gap between curriculum standards, students, and learning outcomes through formative 
assessment (Lyon, 2013). 
 
 
Figure 2: Framework of Formative Assessment 
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Implications of This Study 
This study has many implications that will serve as guiding principles for science 
teachers, science educator, policymakers, and researchers interested in exploring formative 
assessment.  
Implications for practices 
Findings of this study suggest that in most of the cases, science teachers are grappling 
with understanding formative assessment practices. Owing to lack of understanding, they cannot 
replicate the practices in an effective and productive manner in their classrooms. Because of this, 
students cannot develop an in-depth understanding of scientific concepts (Buck, Trauth-Nare, & 
Kaftan, 2010; Yung, 2006).   
To address this alarming situation, schools, district management, and teacher-training 
institutes need to arrange more PCK-based, formative assessment sessions during pre- and in-
service training. These sessions would help the science teachers develop a solid conceptual 
understanding of formative assessment and hone their classroom assessment skills as well, 
empowering them to effectively replicate those skills in the science classroom. 
Apart from pre-service and in-service training, school administration should also develop 
a schoolwide mentoring mechanism for ongoing support for science teachers. In this way, 
experienced and knowledgeable science teachers would assist beginning teachers in building 
their understanding in the area of formative assessment. 
In addition to ongoing support, the school authorities should also come up with a follow-
up procedure. In order to ensure the replication of skills and understanding acquired from the 
professional development sessions, science educators, subject coordinators, and experienced 
teachers would frequently observe the classroom practices of science teachers. The observations 
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should be followed by debriefing sessions in which the observers inform science teachers of 
strengths and shortcomings of their teaching while also providing feedback for overcoming those 
shortcomings.   
Implications for policy 
 This research has some implications for policy as well. First, the findings of this research 
illustrate that there should be coherence between large-scale assessment reforms and classroom 
assessment practices. To develop good coordination, this study urges that prior to introducing 
reforms regarding assessment, the contextual realities of the classroom context need to be 
considered. This consideration can be done by including science teachers’ voices and giving 
them representation during reform development. This coordination will minimize the paradoxes 
between large-scale reforms and classroom assessment practices. 
Secondly, for the continuation and sustainability of formative assessment practices, 
school authorities will have to develop an assessment policy at the school level. Formative 
assessment should be an important component of that assessment policy, encouraging science 
teachers to implement formative assessment practices in their classrooms. The policy should be 
formulated in such a way that it would work as a guideline for science teachers to pursue 
assessment practices in the classroom. Additionally, in this policy, science teachers’ ability to 
apply formative assessment practices in classrooms should be viewed as part of their annual 
appraisal or performance evaluation. This would further motivate science teachers to continue 
formative assessment strategies in classrooms on a regular basis. Formative assessment should 
be included as an important component of the teacher education curriculum. It would help 
science teachers during pre-service as well as in-service teacher training programs to develop 
their understanding and skills required for formative assessment.  
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Finally, findings of this research also indicate that while taking school-based initiatives 
for formative assessment, there should be an assessment cell or assessment wing, at least at the 
high school level. This wing would cater to the professional development requirements of 
science teachers by arranging periodic, school-based professional development sessions for 
science teachers on formative assessment. At the same time, it would also ensure the provision of 
resources required to implement formative assessment in the classroom. 
Directions for future research  
There is a need for conducting further research in the field of formative assessment to 
explore new dimensions, build more knowledge on the existing literature, and gather more 
evidence about the potentials of formative assessment and its impact on student learning as well 
on science teachers’ capacity-building.  
To explore the impact of formative assessment on student learning, researchers need to 
conduct a quasi-experimental study with control and experimental groups. Compared to the 
controlled group, students in the experimental group would be engaged in more formative 
assessment. The difference in posttest scores of both groups would define the impact of 
formative assessment.  
Research findings have indicated that before changing science teachers’ assessment 
practices, we need to change their perceptions (Araceli Ruiz-Primo & Furtak, 2006; Richardson, 
1996). In the same way, before conducting any research interventions regarding science teachers' 
assessment practices, there is a need for conducting a quantitative survey with a reasonable 
sample size comprised of many strata, including gender, years of experience, and academic and 
professional qualifications. Findings of this study will provide a baseline for researchers 
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interested in conducting a study on enhancing the formative assessment practices of science 
teachers. 
As a science educator, I think that besides doing large-scale research studies, we also 
need to consider taking research initiatives at the school level to develop the understanding and 
practices of other science teachers. This could be done by conducting action research studies, in 
which science educators or science teachers would perform the intervention to improve SLOs by 
building science teachers’ capacity in the realm of formative assessment.  
Limitations of the study 
Qualitative meta-analysis is a useful approach to integrate, review, and analyze prior 
research work and synthesize findings from diverse perspectives. In spite of these strengths, 
qualitative meta-analysis has some limitations. Similarly, this study has some issues related to its 
methodology and procedures.  
Research findings indicated that there is a dearth of research work on formative 
assessment in science education (Forbes, Sabel, & Biggers, 2015). I encountered the same 
situation, finding only 16 qualitative research studies conducted in the last two decades on 
formative assessment in science at the K-12 level. Therefore, due to a limited number of studies 
reviewed for this research and because of its qualitative approach, findings of this study may not 
be generalized to other contexts (Flick & Flick, 2014).   
The purpose of conducting meta-analysis is to review research work from different 
backgrounds so that it would provide diverse perspectives to the readers.  However, in this study, 
13 research studies out of 16 were conducted in the context of the U.S.A. Two studies were 
conducted in Israel and New Zealand while one study was conducted in Singapore and Hong 
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Kong. Because of the lack of context variability, this study could not provide findings and 
insights from diverse contexts. 
Meta-analysis is an invaluable tool for providing integrative and synthesized research. At 
the same time, because of its diverse nature in terms of research methods, data collection tools, 
and data analysis techniques, the selected studies lacked consistency and uniformity, making the 
comprehensive and in-depth secondary analysis of selected articles difficult (Gini & Pozzoli, 
2013).  
Subjectivity has also been cited as an issue with qualitative research. Flick and Flick 
(2014) have indicated that it is impossible for researchers to completely eliminate subjectivity 
during qualitative studies. However, it can be minimized by avoiding personal, preconceived 
ideas about the area being researched. In the same way, because of my identification as a science 
teacher and science educator was preoccupied with my background knowledge of professional 
development and formative assessment.  Thus, my experiential knowledge might have negatively 
influenced the objectivity of this research.  
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APPENDIX A: LIST OF SELECTED ARTICLES 
Table 1. Overview of Articles Selected for the Meta-Analysis 
S# Title 
Author/ 
Year 
Context Participants Methodology Methods 
1 Examining the utility 
of elementary science 
notebooks for 
formative assessment 
purposes 
 
Aschbacher & 
Alonzo (2006) 
USA 8 protocol 
teachers 
 
Mixed method 
 
Note books, pre- and 
post-test scores, and 
rubric of performance 
assessment 
2 Working with the zone 
of proximal 
development: 
Formative assessment 
as professional 
development.  
 
Ash & Levitt 
(2003) 
USA 2 teachers Case study Ethnographic field 
notes and interviews 
3 Making formative 
assessment discernable 
to pre-service teachers 
of science  
 
Buck, Trauth-
Nare, & Kaftan 
(2010) 
USA Total 30 PSTs 
(5 male and 
25 females)  
 
Action research Questionnaires, 
transcripts, course 
documents, 
interviews, and field 
notes 
4 Preparing teachers to 
make the formative 
assessment process 
integral to science 
teaching and learning 
 
Buck & Trauth-
Nare (2009) 
USA 4 secondary 
science 
teachers 
Cooperative 
inquiry 
Transcripts, lesson 
plans, interviews, 
classroom 
observations, and 
student work 
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Table 1. Continued. 
S# Title 
Author/ 
Year 
Context Participants Methodology Methods 
5 The effect of teachers' 
staff development in 
the use of higher order 
questioning strategies 
on third grade students 
rubric science 
assessment 
performance 
 
Caulfield-Sloan & 
Ruzicka  (2005) 
USA 120 third 
grade students 
and 27 
teachers  
Quasi-
experimental 
mixed method 
approach 
NA 
 
 
 
 
6 A model of formative 
assessment in science 
education 
 
Cowie & Bell 
(1999) 
New Zealand 10 teachers  Qualitative study Participant 
observation 
interviews, surveys, 
and audiotapes  
7 Teachers learning 
from professional 
development in 
elementary science: 
Reciprocal relations 
between formative 
assessment and 
pedagogical content 
knowledge 
 
Falk (2011) Southwestern 
United States 
 
11 fourth-
grade teachers 
from a large 
urban school  
Action research 
 
Video recordings of 
PD sessions, teacher, 
posters, 
transparencies, and 
student work samples 
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Table 1. Continued. 
S# Title 
Author/ 
Year 
Context Participants Methodology Methods 
8 Elementary teachers’ 
use of formative 
assessment to support 
students’ learning 
about interactions 
between the 
hydrosphere and 
geosphere  
 
Forbes, Sabel, & 
Biggers (2015) 
USA 26 third- 
through fifth-
grade teachers 
from 13 
schools (21 
female and 5 
males) 
Mixed method Interviews and survey 
9 Developing expertise 
with classroom 
assessment in K–12 
science: Learning to 
interpret student work. 
Interim findings from 
a 2-year study 
 
Gearhart et al. 
(2006) 
USA 3 middle 
school science 
teachers 
Case studies Interviews 
10 Professional 
development of 
science teachers as a 
reflection of large-
scale assessment 
 
Klieger & Yossef 
(2010) 
Israel 55 teachers Mixed method 
(quantitative 
and qualitative) 
Interviews, 
questionnaires, and 
content analysis 
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Table 1. Continued. 
S# Title 
Author/ 
Year 
Context Participants Methodology Methods 
11 Learning to assess 
science in 
linguistically diverse 
classrooms: Tracking 
growth in secondary 
science preservice 
teachers’ assessment 
expertise 
 
Lyon (2013) USA 26 third- fifth-
grade teachers 
recruited from 
13 schools (21 
female and 5 
males) 
Mixed method Interviews and surveys 
12 Assessing 
understanding of the 
energy concept in 
different science 
disciplines 
 
Park & Liu (2015) USA 6 middle 
school science 
teachers 
Case studies Interviews and video 
recordings 
13 Science teachers’ 
professional 
development and 
changes in science 
practical assessment 
practices: What are the 
issues? 
 
Phillp, Tan, Yung, 
& Cohen (2008) 
Hong Kong and 
Singapore 
2 teachers 
from each 
context 
Case studies Interviews and 
documents 
14 Informal formative 
assessment and 
scientific inquiry: 
Exploring teachers’ 
practices and student 
learning 
 
Ruiz-Primo & 
Furtak (2006) 
Hawaii at 
Manoa 
4 middle-
school 
teachers and 
students 
Mixed method Video recordings of 
classroom teaching  
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Table 1. Continued. 
S# Title 
Author/ 
Year 
Context Participants Methodology Methods 
15 Promoting prospective 
elementary teachers’ 
learning to use 
formative assessment 
for life science 
instruction 
 
Sabel, Forbes, & 
Zangori (2015) 
USA  49 (4 males 
and 45 
females) 
teachers  
Embedded 
mixed methods 
Assessments, artifacts, 
interviews, and pre- and 
post-tests 
16 Elementary teachers’ 
use of content 
knowledge to evaluate 
students’ thinking in 
the life sciences 
Sabel, Forbes, & 
Flynn (2016) 
USA 32 teachers of 
12 schools 
from 4 school 
districts  
Sequential 
explanatory 
mixed-methods 
research design  
Students' artifacts and 
instructional logs  
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APPENDIX B: QUALITATIVE META-ANALYSIS STEPS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Adopted with modifications (Gewurtz, Stergiou-Kita, Shaw, Kirsh, & Rappolt, 2008)  
Figure 1. Steps Involved in Qualitative Meta-Analysis 
  
Selection of a topic for the meta-analysis 
Literature review for establishing theoretical framework 
for the study and locating the gaps 
Search for the studies for meta-analysis and development 
of criteria for exclusion and inclusion 
Synthesis of findings by comparing and contrasting how 
concepts are developed across studies 
Transformation of findings into a new conceptualization 
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